A ground nest of the Eastern Turtle Dove Streptopelia orientalis was found under a dense bamboo grass cover in burned mature forest in western Hokkaido, northern Japan. Two nestlings successfully fledged from the nest. Artificial nest experiments revealed that arboreal nests suffered more predation than ground nests. The predation rates of both ground and arboreal nests were not significantly related to egg colors (white painted or natural quail egg color) or vegetational concealments (e.g. foliage coverage or height and density of the undergrowth).
Nest predation is a major source of nesting failure in many open nesting bird species (LACK 1954) . There have been many recent studies involving experiments using artificial nests to show differences in avian nest predation in various environments (e.g. WILCOVE 1985 , MARTIN 1987 , YAHNER & VOYTKO 1989 , GOTMARK et al. 1990 ). Intensity of the predation of avian nests depends upon forest size (WILCOVE 1985) , distance from edge (ANGELSTAM 1986) , nest height (YAHNER & SCOTT 1988) and nest concealment by vegetation (BOWMAN & HARRIS 1980 , YAHNER & CYPHER 1987 .
The Eastern Turtle Dove Streptopelia orientalis breeds in the warmer eastern areas of the Palearctic region (O. S. J. 1974). It prefers forests or woody farmland as breeding habitat, and makes a rough arboreal nest using fine twigs with little lining on a thin platform. However, I found a ground nest in May 1989. It was made under a dense bamboo grass cover within the deciduous burned mature forests of western Hokkaido, northern Japan. Two nestlings successfully fledged from this ground nest.
Ground nesting of the Eastern Turtle Dove had been reported only on a small islet in the Ryukyu Islands, one of the southernmost parts of Japan (KURODA 1972) . Doves bred in a colony on the islet, and Kuroda suggested that as the small islet is removed from the main island, it has few predators and is only scarcely overstoried making ground nesting appropriate. Possible reasons for the dove selecting the ground for a nest site in western Hokkaido are (1) scarcity of appropriate nest sites and/or (2) less predation on ground nests than arboreal nests.
The objective of the present paper is to ascertain the difference in the predation rates between arboreal and ground nesting by using artificial nest experiments. The experiments were conducted from 15 May to 1 July 1990 in the experimental forest of the Hokkaido Research Center, Forestry and Forest Products Research Institute near Sapporo, northern Japan (42**58'N, 141**23'E, 100 m alt.). The forest is dominated by white birch Betula platyphylla and Mongolian oak Quercus mongolica as overstory (more than 10 m in height), with only a few low trees such as Hydrangea paniculata and Celastrus orbiculatus. Most of the undergrowth consists of two main bamboo grass species (Sasa kurilensis and S. paniculata). The former is taller (over 1.8 m) and has a thicker stem than the latter (under 1.3 m in height). Twenty five plots were set, at a distance of more than 30 m from each other in the 70-80 year old deciduous burned mature forest where I found the ground nest of the Eastern Turtle Dove in 1989.
In each of the 25 plots, one artificial arboreal nest was placed on twigs covered by foliage in a low tree 1.2-1.5m above the ground in the center of a plot, and two or three ground nests were set at least 5 meters away from each other and from the arboreal nest. The artificial nests were made of a thin platform of fine birch twigs cut to a length of about 15cm, similar to the natural nest of the dove. Two fresh Japanese Quail Coturnix coturnix eggs were placed in each artificial nest because they resemble the dove's eggs in size. White painted eggs (W), which resemble the natural color of dove's eggs, were placed in 13 arboreal nests and natural color eggs (N) were placed in the other 12 nests. Similarly, W-eggs and N-eggs were set on ground nests in the 25 plots. Also for the ground nests, an imitation of an incubating dove (C), was placed on the N-eggs. The "dove" was made of cardboard and painted in the color of the adult dove plumage. This nest type was set in 20 plots.
Two trials were conducted with all nests being exposed for 16 days per trial, leaving a 15 day interval before the next trial. The exposure period of 16 days represented the mean incubation period of the dove (MURAKAMI & FUJIMAKI 1983) . Artificial nests without eggs were left in place during the interval. The starting days of the trials were 15 May (a low foliage period) and 15 June (heavy foliage period). When eggs were placed in the nests, I attempted to reduce human scent by rubbing my hands with leaf litter prior to handling the eggs, similar to conditions in REITSMA et al. (1990) . The eggs in the undisturbed nests were exchanged with fresh eggs on the 10th day in each trial. The fate of the nests was recorded on the fourth day after being exposed and then every three days. When at least one egg from each nest had been removed, broken or had disappeared, I concluded that the nest had been disturbed or had failed and no more eggs were set.
An examination of the vegetation was conducted on the foliage coverage (%) just above each arboreal nest and the densities and mean heights of the bamboo grasses in each plot. The vertical foliage distribution at each height layer in the study area was measured in July using the method developed by HINO (1985) .
Natural arboreal nests appeared to suffer predation from the Jungle Crow, two species of snake, Elaphe climacophora and E. quadrivirgata, three mustelid mammals, the sable Mantes zibellina, the Japanese weasel Mustela itatsi and the European common weasel M. nivalis, and small rodents such as red squirrels Sciurus vulgaris and mice. The natural ground nest predators appeared to be mostly snakes or mammals with the red fox Vulpes vulpes being added to the above-mentioned species. After the second trial, from early to late July, live traps in the shape of cages, 21 ** Julys 1994] Low Nest Predation on the Ground 3 11 ** 10 cm in size were set to capture small mammalian nest predators such as rodents and weasels. These traps were placed in each plot with a quail egg as bait. The fate of the nests depended on 5 variables. These were the egg types (W, C or N), density of the undergrowth (number of stems/m2, <20, 20-29, 30-39, 40<), mean height of bamboo grass (< 103 cm, > 156 cm), nest height (arboreal or ground), and foliage coverage just above the arboreal nest (** 50%, >50%). The variables were statistically examined using two and three-way tests of independence (SOKAL & ROHLF 1981) .
RESULTS
Nest failure between the 3 types of ground nest eggs did not differ significantly on the 16th day of either trial (G=0.086 in May, G=2.629 in June, df=2, both ns, Fig. 1 ). Also no significant difference was found between the two kinds of arboreal nest eggs (G=0.161 in May, df=1, G=0.003 in June, df=1, both ns, Fig. 2 ). Therefore the three kinds of ground nests and the two arboreal ones were calculated together hereafter. The number of disturbed nests was independent in each plot for both trials on the 16th day (X2=6.000, df=3 in May and X2=6.800, df=3 in June, both ns), so all of the nests in each plot were not always disturbed even if one nest was found by a predator.
Sixty-nine percent in the May trial and 79% in the June trial remained undisturbed until the 10th day of exposure in the ground nests (non-significant differences between trials. G=0.062, df=2), but subsequently the number of disturbed nests rapidly increased in June (Fig. 3) . Nest failure on the 13th day of the June trial was significantly higher than in May (G=5.882, df=1, P<0.05), and a significant increase was also found between the 10th and 13th days in June (G= 28.946, df=1, P<0.01). High nest predation occurred in the arboreal nests as only 8% in May and none in June remained after 10 days (Fig. 3) . The difference in arboreal nest failure between trials was no significant (G=1.538, df = 1, ns). Significantly fewer ground nests than arboreal nests were disturbed in either trial (G= 24.513, df=1, P<0.01, Fig. 3 ).
There was a non-significant relationship between the arboreal nest failure and coverage in both trials (G=0.142, df=1, ns, Fig. 4 ). Ground nest failure was unrelated to the height (G=0.099 in May, df=1, G=1.756 in June, df=1, both ns) and density (Fig. 5) . The vegetation profile inside the forest based on the vertical foliage distribution showed a thin layer from 2 m to 10 m above the ground (Fig. 6) , because the relatively dense overstory of deciduous trees has sparse low tree layers and dense bamboo grass cover, which is typical in burned mature deciduous forests in Hokkaido.
Predators which took the eggs away from the arboreal artificial nests were uniden-Days Exposed tified. Most disturbances to the ground nests appeared to be caused by small mammals, especially rodents, because egg removal from the initial location was frequently observed, and many eggs had scratch marks on the surface (on 68.3% of the remaining eggs in nests on the 16th day of the May trial and 71.8% of those in June). A total of 119 traps with quail eggs was set near each study plot between 6 and 17 July. Three species of rodents were captured: 12 large Japanese field mice Apodemus speciosus, one small Japanese field mouse A. argenteus and one grey red-backed vole Clethrionomys rufocanus. All of the eggs placed as bait in the traps were scratched, while only two had been broken and the contents had been eaten by an adult female large Japanese field mouse.
One pair of Jungle Crows breed in the forest every year. I sometimes observed that the crows flew and looked for food near the study area. I hardly ever observed the crows coming down to the ground with dense undergrowth near my study site.
The red fox was the most frequently observed large mammal which appeared to affect ground nests. The study site was within the foxes' home range. Recently however, I have seen very few field signs such as the feaces of other carnivorous mammals, especially weasels.
DISCUSSION

Dense vegetation
is not only better for hiding the location of nests (REDMOND et al. 1982) , but also prevents the bird nest from mammalian predators because Days Exposed of the resulting reduced foraging efficiency (BOWMAN & HARRIS 1980 , SUGDEN & BEYERSBERGEN 1986 ).
The artificial nest experiments in my study area revealed that the nest failures were not related to the concealment conditions in either arboreal or ground nests in either trial, but arboreal nests sufferd significantly higher predation than the ground ones in both trials.
Furthermore, the number of disturbed arboreal nests rapidly increased over short periods such as four days in both trials, which showed a quite different tendency from that of the ground nests. It suggests that the main predator of the arboreal nests was different from that of the ground nests.
Foliage Density Fig. 6 . Vegetation profile at the study site based on foliage density.
Both trials were timed to match the crows' incubating period and the feeding of their nestlings. If the main predator was the crow in the case of arboreal nests, the fact that all of the experimental plots were placed within the crows' home range is one reason why a very high predation rate was observed only in arboreal nests. The concealment for the arboreal nests is not sufficient in mid-May when the foliage coverage is still incomplete, and crows might detect the arboreal nests easily. The high predation rate in June in spite of the abundance of leaves showed that foliage coverage conditions of the arboreal nests were not necessarily effective for crows because low trees and branches offer them a place to perch (YAHNER & WRIGHT 1985) . Dense bamboo grass however, was suitable for protecting the ground dove nest from attack by crows because they could not come down to the ground with dense bamboo grass cover.
On the other hand, all of the initial concealment conditions of the experiment on ground nests may prevent the predators from approaching the nests because there were relatively low predation rates on the ground nests in spite of the frequent observation of crows and foxes in the study area during the experiment periods and there were no significant differences between the vegetation concealments of the ground nests.
Foxes frequently invade the forest and catch many red-backed voles in early spring and autumn when the bamboo grass becomes scarce or is flattened by snow in Hokkaido (YONEDA 1983) . However in summer, they mainly feed on insects which they catch along forest paths or cultivated land (MISAWA 1979) . Some traces of birds' egg shell have been found in the fox droppings collected in forests which have sparse undergrowth even in summer (MISAWA 1979) .
The main predators on artificial ground nests appeared to be small rodents. This was evident because of the high frequency of scratches on the removed or remaining eggs, and two large field mice captured by traps had eaten the bait-egg contents. Dense undergrowth therefore, may not prevent the approach of the small rodents to nests, but the level of nest predation on the ground nests was relatively low. In the natural nesting situation, parents incubating or feeding would presumably protect eggs or nestlings from such small mammals, and the level of nest disturbance would be lower than indicated by the results of the artificial nest experiments.
Two kinds of snakes are sometimes observed in the experimental forest, and they were the cause of some nest failures of the Great Tit Parus major breeding population in nest boxes set near the study site (pers. obs.). However they may not contribute to the remarkable differences of the predation rates between ground and arboreal artificial nests bacause disturbances caused by snakes may be the same at both nest heights.
Some studies using artificial nests have shown lower predation rates on ground nests than on arboreal nests (MARTIN 1987 , YAHHER & SCOTT 1988 , SEITZ & ZEGERS 1993 . MARTIN (1993) also revealed that for actual bird nests, birds suffered lower predation on the ground than in shrub and canopy layers within deciduous forest habitat. He emphasized that the dogma that ground-nesting birds suffer the highest predation rates cannot be generalized to all habitats.
The nest predation rates of the Short-tailed Bush Warbler Cettia squameiceps, which is a ground nesting bird species, was very low (22.2%, n= 18) compared with that of the Great Tits (46.9%, n=25) in the nest boxes in my study area ( -1993 . These facts may confirm that the results of the artificial nest experiment would show the general tendency for the nest predation of the ground nesting birds in the area.
In summary, lower predation rates on the ground rather than in arboreal nests were evidenced by an artificial nest experiment in my study area. The reasons are that the foliage coverage of the arboreal nests permit the ready detection by crows, the main predator, whereas the dense bamboo grass cover prevent them from coming down to the ground. The dense undergrowth also prevents carnivorous mammals such as foxes invading the nesting area.
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